PATENT 
8737.040.00-US 



matching circuit having a variable capacitance diode for matching the antenna 



impecrance and an impedance of the transmission/reception circuit according to the voltage of 
>ntrc 



the controller. 



\4. (Amended) A device as claimed in claim 1, wherein the matching circuit includes: 
an inductor having a first end connected to the antenna and a second end connected to 



a fi 



the transn ission/reception circuit; 

rst capacitor having a first end connected to the second end of the inductor and the 
transmission /reception circuit, and a second end grounded; 

a second capacitor having a first end connected to the antenna and the first end of the 
inductor, and having a second end connected to ground; and 

a \Wable capacitance diode having a first end connected to the antenna and the first 
end of the mductor, and having a second end connected to ground, 

wherein a capacitance of the variable capacitance diode is varied according to the 
voltage of the controller. 



(a! € 



5. (Amended) A device as claimed in claim 1, wherein the controller includes: 
a memory for storing data for an optimal antenna impedance matching for the folded 
state and the opened state of the folder casing; 

a centralVprocessing unit (CPU) for reading the data from the memory according to a 
signal from the folder sensor; and 

a digital-toWtalog converter (DAC) for converting the data from the CPU into an 
analog voltage and providing the analog voltage to the matching circuit. 
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^(^nended) A device as claimed in claim 5, wherein the DAC includes: 
a variable^pulse generator for receiving a control signal and a data signal, which is 
based on the open stat^and the folded state of the folder casing, from the CPU and in 
response to the control signal varying one selected from the group consisting of pulse widths 
and pulse densities; and 

an integrating circuit for integrating pulses received from the variable pulse generator 
and providing an integrated output signal to the matching circuit. 

7. (Amendea) A device for matching an antenna impedance in a portable radio 
telephone having a transmission/reception circuit, comprising: 

means fon sensing whether the portable radio telephone is in transmit mode or receive 

mode and in response thereto providing a sensing signal; 

a controller for providing a control voltage in response to the sensing signal; and 
means forlmatching an impedance of the antenna and an impedance of the 

transmission/reception circuit according to the control voltage from the controller, wherein 

the impedance is niatched based on whether the portable radio telephone is receiving as 

opposed to when it k transmitting. 

8. (Amended) A device as claimed in claim 7, wherein the controller includes: 

a central processing unit (CPU) for receiving the sensing signal and providing a 
digital voltage corresponding to the sensing signal, wherein the sensing signal indicates 
whether the portable radio telephone is in transmit mode or receive mode; and 



3 
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a digital/analog converter for receiving the digital voltage and converting the digital 
voltage, into the control voltage and providing the control voltage to the means for matching 
the impeuances. 




10. (Amended) A device as claimed in claim 7, wherein the means for matching the 
impedance includes: 

an inductor having a first end connected to the antenna and a second end connected to 
the transmission/reception circuit; 

a first capacitor having a first end connected to the second end of the inductor and the 
ansnjission /reception circuit, and a second end grounded; 

a second capacitor having a first end connected to the antenna and the first end of the 
inductor, and having a second end connected to ground; and 

a variable capacitance diode having a first end connected to the antenna and the first 
end of |he inductor, and having a second end connected to ground, 

C~rein a capacitance of the variable capacitance diode is varied according to the 
age. 



12. (Amended) A device as claimed in claim 1 1, wherein the means for matching 
^dances includes: 

a controller for receiving the sensing signal indicating whether the foldable casing is 
in thelfolded or unfolded position, wherein the controller provides a digital voltage 
corresponding to the sensing signal; 
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a digitjkl-to-analog converter for converting the digital voltage into an analog voltage; 



and 



a matching circuit for matching an impedance of the antenna and an impedance of the 
transmission/receiving circuit in response to the analog voltage. 




16. (Amended) A device as claimed in claim 12, wherein the matching circuit 
des: 

an inductor having a first end connected to the antenna and a second end connected to 
the transmission/reception circuit; 

a first capacitor having a first end connected to the second end of the inductor and the 
transmission /reception circuit, and a second end grounded; 

\a second capacitor having a first end connected to the antenna and the first end of the 



inductor} and having a second end connected to ground; and 

a variable capacitance diode having a first end connected to the antenna and the first 
end of the inductor, and having a second end connected to ground, 

whepin a capacitance of the variable capacitance diode is varied according to the 
analog voltage. 



17. (Amended) A device for matching an antenna impedance in a portable radio 
telephone including a radio having transmission and receiving circuits, a foldable casing 
enclosing the radio, the foldable casing movable between an unfolded position and a folded 
position, and anWitenna movable between an extracted position from the foldable casing and 
a retracted position into the foldable casing, the device comprising: 
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meiis for sensing whether the foldable casing is in the unfolded position, and for 
sensing wheuher the antenna is in the extracted position, and for providing a sensing signal in 
response thereto; 

a measurement device for providing a RF signal to the antenna and for measuring an 
RF signal fror i the antenna; 

a conti oiler for controlling the measurement device to provide the RF signal to the 
antenna in a re ception mode, and to measure the RF signal from the antenna in a transmission 
mode, and for determining optimal antenna impedance matching values for transmitting and 
receiving, resp ectively, as well as the folder casing and antenna positions, and for storing the 
optimal imped 



means 



response to the 



i ince matching values; and 
or adjusting an impedance match between the antenna and the radio in 
sensing signal under the control of the controller for each folder casing 
position, antenr a position, and transmission and reception mode to vary an antenna 
impedance mat< hing, the controller measuring a transmission level in the transmission mode 
and a reception sensitivity in the reception mode every time the antenna impedance matching 
is varied, to determine optimal antenna impedance matching values for each folder casing 



position, antenna 



impedance mate 
a central 



position, and transmission and reception mode, and to store the optimal 



antenna impedance matching values therein. 



18. (Am ;nded) A device as claimed in claim 17, wherein the means for adjusting the 



i includes: 

rocessing unit (CPU) adjusting a voltage by a fixed increment from OV to a 



fixed voltage level in response to the sensing signal under the control of the controller for 



DC: 12033 1.2 



Q5 



PATENT 
8737.040.00-US 

each fodder casing position, antenna position, and transmission and reception mode to vary an 
antenna mnpedance matching, and for causing the controller to measure the transmission 
level in tHp transmission mode and the reception sensitivity in the reception mode every time 
the antenna impedance matching is varied, and for providing a control signal for storing the 
optimal anienna impedance matching values; 

a memory for storing the optimal antenna impedance matching values under the 
control of tile CPU; 

a di^ tal-to-analog converter for converting the voltage provided by the CPU into an 
analog volta je; and 

a matching circuit for matching the impedance of the antenna and an impedance of 
the radio in response to the analog voltage. 




20. (Amended) A device as claimed in claim 18, wherein the matching circuit 
iripludes: 

an inductor having a first end connected to the antenna and a second end connected to 
the transmission/reception circuit; 

a first capacitor having a first end connected to the second end of the inductor and the 
transmission /reception circuit, and a second end grounded; 

l a second capacitor having a first end connected to the antenna and the first end of the 
inductor\and having a second end connected to ground; and 

a \\anable capacitance diode having a first end connected to the antenna and the first 
end of the ihductor, and having a second end connected to ground, 
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wherein a capacitance of the variable capacitance diode is varied according to the 



analog voltage 




22. (Amended) The portable radio terminal of claim 21, wherein said impedance 
tching system further comprises: 

a processor which receives the sensing signal and outputs a digital control signal in 
response to whether the foldable casing is in the open position and whether the antenna is in 
the extended position; and 

digital to analog converter which receives the digital control signal and provides a 
varactor tuning voltage in response thereto. 

23 A (Amended) The portable radio terminal of claim 22, wherein said processor 
comprises a memory which stores a predetermined digital value representing a varactor 
voltage value for matching said impedances, wherein said processor reads said digital value 
and outputs the digital control signal corresponding to the sensing signal. 



24. (Amended) The portable radio terminal of claim 22, wherein said processor 
comprises a memory comprising a plurality of memory locations, each location storing a 
corresponding predetermined digital value representing a varactor voltage value for matching 
said impedances, wnerein said processor reads one of said digital values in response to the 
sensing signal and outputs the digital control signal corresponding to the sensing signal. 
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2$. (Amended) The portable radio terminal of claim 24, wherein said memory 



21 ( 



includes eight memory locations comprising: 

a fir it memory location storing a corresponding predetermined digital value 
representing; a varactor voltage value for matching said impedances when the antenna is 
extended, tl e foldable casing is open, and the portable radio terminal is receiving; 

a secjond memory location storing a corresponding predetermined digital value 
a varactor voltage value for matching said impedances when the antenna is 
foldable casing is open, and the portable radio terminal is transmitting; 



representing 
extended, the 



a thir 1 memory location storing a corresponding predetermined digital value 
representing i varactor voltage value for matching said impedances when the antenna is 
extended; the foldable casing is closed, and the portable radio terminal is receiving; 

a four th memory location storing a corresponding predetermined digital value 
representing £ varactor voltage value for matching said impedances when the antenna is 
foldable casing is closed, and the portable radio terminal is transmitting; 
memory location storing a corresponding predetermined digital value 
varactor voltage value for matching said impedances when the antenna is 



extended, the 
a fifth 
representing 2 



retracted, the : bldable casing is open, and the portable radio terminal is receiving; 



a sixth 
representing a 
retracted, the f< 



memory location storing a corresponding predetermined digital value 
varactor voltage value for matching said impedances when the antenna is 
ldable casing is open, and the portable radio terminal is transmitting; 
a seventh memory location storing a corresponding predetermined digital value 
representing a varactor voltage value for matching said impedances when the antenna is 
retracted, the folaable casing is closed, and the portable radio terminal is receiving; and 
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an eighth memory location storing a corresponding predetermined digital value 
representing a Maractor voltage value for matching said impedances when the antenna is 
retracted, the foldable casing is closed, and the portable radio terminal is transmitting. 

26. (Amended) The portable radio terminal of claim 21, wherein said impedance 
matching circuit further comprises: 

an indi ctor having a first end and a second end being connected in series between 
said antenna and said radio; 

i 

a first capacitor connected between said varactor and the first end of said inductor; 

and 

a second capacitor connected between the second end of said inductor and a reference 
voltage. 

27. (Amended) The portable radio terminal of claim 26, wherein said impedance 
matching system further comprises: 

a processor receiving the sensing signal and outputting a digital control signal in 
response there to; and 

a digital to analog converter receiving the digital control signal and providing a 
varactor tuning voltage in response thereto. 



28. (Amended) The portable radio terminal of claim 27, wherein said processor 
comprises a memory storing a predetermined digital value representing a varactor voltage 
value for matchi lg said impedances, wherein said processor reads said digital value and 
outputs the digital control signal in response thereto. 

10 
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29. (Amended) The portable radio terminal of claim 27, wherein said processor 
comprises a memory having a plurality of memory locations, each location storing a 
corresponding predetermined digital value representing a varactor voltage value for matching 
said impedances, wherein said processor reads one of said digital values in response to the 



sensing signal and 



whether the portable radio terminal is transmitting or receiving, and 



outputs the digital c ontrol signal in response thereto. 



30. (Amended) The portable radio terminal of claim 21, wherein said impedance 
matching circuit further comprises: 

an inductor having a first end and a second end being connected in series between 
said antenna and said radio; 

a first capj citor connected between the first end of said inductor and a reference 
voltage; and 

a second dapacitor connected between the second end of said inductor and the 
reference voltage 

wherein the varactor is connected between the first end of said inductor and the 
reference voltage 

3 1 . (Ame ided) The portable radio terminal of claim 2 1 , wherein said sensing means 
includes a folder ^vitch. 



32. (Amended) A portable radio terminal, comprising: 
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a rVdio having transmitting and receiving circuits; 
a sensor for sensing whether the portable radio terminal is in transmit mode or receive 
mode and for producing at least one sensing signal indicating whether the portable radio 
terminal is in transmit mode or receive mode; and 

an impedknce matching system for matching an impedance of said antenna and an 
impedance of saic radio, said impedance matching system receiving the sensing signal and 
including an impe dance matching circuit having a varactor, the varactor having a varactor 
voltage which is c hanged in response to the sensing signal for tuning the impedance matching 
circuit based on v whether the radio is transmitting or receiving. 



matching system 



a proces 
response to the 

a digital 
varactor tuning 



33. (Amended) The portable radio terminal of claim 32, wherein said impedance 
further comprises: 

or which receives the sensing signal and outputs a digital control signal in 
sensing signal; and 

1 o analog converter which receives the digital control signal and provides a 
\foltage in response thereto. 



34. (Amended) The portable radio terminal of claim 33, wherein said processor 
comprises a memory which stores a predetermined digital value representing a varactor 
voltage value for matching said impedances, wherein said processor reads said digital value 
and outputs the digital control signal in response thereto. 
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3 ^.(Amended) The portable radio terminal of claim 33, wherein said impedance 

matching circuit further comprises: 

an inductor having a first end and a second end being connected in series between 
said antenna and said radio; 

a first capacirpr connected between said varactor and the first end of said inductor; 

and 

a second capacitor connected between the second end of said inductor and a reference 
voltage. 

36. (Amendefa) The portable radio terminal of claim 33, wherein said impedance 
matching circuit furtner comprises: 

an inductor Having a first end and a second end being connected in series between 
said antenna and said radio; 

a first capacitor connected between the first end of said inductor and a reference 
voltage; and 

a second/capacitor connected between the second end of said inductor and the 
reference voltage, 

wherein the varactor is connected between the first end of said inductor and the 



reference volt; 



37. (Amended) A method of producing a portable radio terminal which includes a 
radio having transmitting and receiving circuits; a foldable casing enclosing said radio, said 
foldable casing movable between an open position and a folded position; an antenna movable 
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/een a retracted position into said foldable casing and an extended position extended from 



said foldable casing; means for sensing whether said foldable casing is in the open position 
and fonsensing whether the antenna is in the extended position, and for providing at least one 
sensing Signal in response thereto; and an impedance matching system for matching an 
impedance of said antenna and an impedance of said radio, said method comprising: 

sensing whether said foldable casing is in the open position, whether the antenna is in 
the extendedVposition, and whether the portable radio terminal is transmitting or receiving; 

determining an optimum varactor voltage value to match the impedances based on the 
position of thelcasing, the position of the antenna, and whether the portable radio terminal is 
transmitting or receiving; and 

storing ai digital value representing said optimum varactor voltage value in a memory 
location in said impedance matching system. 

38. (Amended) The method of claim 37, wherein said determining and storing steps 
are performed when the portable radio terminal is in the states comprising: 

the antenn4 is extended, the foldable casing is open, and the portable radio terminal is 
receiving; 

the antennajis extended, the foldable casing is open, and the portable radio terminal is 
transmitting; 

the antenna ^ extended, the foldable casing is closed, and the portable radio terminal 
is receiving; 

the antenna is\extended, the foldable casing is closed, and the portable radio terminal 
is transmitting; 
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they&ntenna is retracted, the foldable casing is open, and the portable radio terminal is 
receiving;] 

tl|e antenna is retracted, the foldable casing is open, and the portable radio terminal is 
^ ~J transmitting; 



<4 K l - 

^is^recewing; 



antenna is retracted, the foldable casing is closed, and the portable radio terminal 
^^is^recewing; and 

/ the antenna is retracted, the foldable casing is closed, and the portable radio terminal 
is transmitting. 



Please ADD new claims 39-70 as follows: 




39. (New) The device as claimed in claim 18, wherein the controller and the CPU 
communicate by use of a Universal Asynchronous Receiver/Transmitter (UART). 

40. !(New) The device as claimed in claim 18, wherein the fixed increment is 
approximately 0.5V. 



41. (New) The device as claimed in claim 18, wherein the fixed voltage level is 
approx imatelM 255V. 



42. (New) The device as claimed in claim 1, further comprising a sensor for sensing 
whether the portable radio telephone is transmitting or receiving and providing a signal 
indicating whether the portable radio telephone is transmitting or receiving. 
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(New) The device as claimed in claim 1 , wherein the impedance according to the 
voltage oMie controller is matched based on whether the portable radio telephone is 
receiving on the portable radio telephone is transmitting. 




44. (New) The device as claimed in claim 43, wherein the transmit impedance is 
matched for a first frequency and the receive impedance is matched for a second frequency. 



45. (Now) The device as claimed in claim 1, wherein the impedance according to the 
voltage of the controller is matched based on at least one state of the portable radio telephone, 
including: the cising is folded and the portable radio telephone is receiving, the casing is 
folded and the p Drtable radio telephone is transmitting, the casing is unfolded and the 
ephone is receiving, and the casing is unfolded and the portable radio 
smitting. 



portable radio te 
telephone is tran 



46. (New) The device as claimed in claim 45, wherein the transmit impedance is 
matched for a fir 5t frequency and the receive impedance is matched for a second frequency. 



47. (New 
an extracted stata 
signal indicating 



) The device as claimed in claim 7, further comprising a means for sensing 
and a retracted state of the antenna wherein the sensing means provides a 
vhether the antenna is in an extracted or retracted state. 



48. (New) The device as claimed in claim 47, wherein the impedance according to 
the control voltage from the controller is matched according to at least one state comprising: 
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theVetracted state of the antenna when the portable radio telephone is receiving, the retracted 

state ofW antenna when the portable radio telephone is transmitting, the extracted state of 
the antenna Vhen the portable radio telephone is receiving, and the extracted state of the 
antenna when me telephone is transmitting. 

49. (New) The device as claimed in claim 48, wherein the transmit impedance is 
matched for a first frequency and the receive impedance is matched for a second frequency. 



50. (New) The device as claimed in claim 11, further comprising a means for sensing 
whether the portable radio telephone is transmitting or receiving wherein the sensing means 
provides a sensing signal indicating whether the portable radio telephone is transmitting or 
receiving. 

51. (New) The device as claimed in claim 50, wherein the means for matching 
impedances includes: 

a controller for receiving the sensing signals, and providing a digital voltage 
corresponding to the sensing signal; 

a digitaj-to-analog converter for converting the digital voltage into an analog voltage; 

and 

a matching circuit for matching an impedance of the antenna and an impedance of the 
transmission/receiving circuit in response to the analog voltage. 
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52. (New) The device as claimed in claim 51, wherein the impedance of the 

transmissionVreceiving circuit in response to the sensing signal is optimal and distinct for 
each of the states including: the casing is folded and the portable radio telephone is receiving; 
the casing is folded and the portable radio telephone is transmitting; the casing is unfolded 
and the portable radio telephone is receiving; and the casing is unfolded and the portable 
radio telephoneus transmitting. 

53. (Nevl) The device as claimed in claim 52, wherein the transmit impedance is 
matched for a first frequency and the receive impedance is matched for a second frequency. 

54. (New)jThe device as claimed in claim 51, wherein the impedance of the 
transmission/receiving circuit in response to the sensing signal is optimal and distinct for 
each of the states including: the antenna is retracted and the portable radio telephone is 
receiving; the antenna is retracted and the portable radio telephone is transmitting; the 
antenna is extracted and the portable radio telephone is receiving; the antenna is extracted 
and the portable radio telephone is transmitting. 

he device as claimed in claim 54, wherein the transmit impedance is 
equency and the receive impedance is matched for a second frequency. 

56. (New) THe device as claimed in claim 51, wherein the impedance of the 
transmission/receiving circuit in response to the sensing signals is optimal and distinct based 
on each possible combination of the folded/unfolded state of the casing, the 
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retracted/extracted state of the antenna, and the transmit/receive state of the portable radio 
telephor 



57. (New) The device as claimed in claim 56, wherein the transmit impedance is 

\ 

matched for a first frequency and the receive impedance is matched for a second frequency. 



58. (New)\The portable radio terminal as claimed in claim 21, further comprising a 
means for sensing whether the portable radio terminal is transmitting or receiving wherein the 
sensing means produces at least one sensing signal indicating whether the portable radio 
terminal is transmitting or receiving. 



59. (New) The device as claimed in claim 58, wherein the impedance matching 
system applies an optimal! and distinct impedance based on whether the portable radio 
telephone is transmitting or receiving. 



60. (New) The portable radio terminal as claimed in claim 58, wherein the impedance 
matching system applies an optimal and distinct impedance based on each of the states 
including: 

the antenna is retracted\and the portable radio telephone is receiving; 
the antenna is retracted and the portable radio telephone is transmitting; 
the antenna is extracted amd the portable radio telephone is receiving; and 
the antenna is extracted anfl the portable radio telephone is transmitting. 
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(New) The device as claimed in claim 60, wherein the transmit impedance is 
matched foK a first frequency and the receive impedance is matched for a second frequency. 



62. (Ntw) The portable radio terminal as claimed in claim 58, wherein the impedance 
matching system applies an optimal and distinct impedance based each of the states 
including: 

the case \s in the folded position and the portable radio telephone is receiving; 
the case is in the folded position and the portable radio telephone is transmitting; 
the case ijs in the open position and the portable radio telephone is receiving; and 
the case ifc in the open position and the portable radio telephone is transmitting. 

63. (New) The device as claimed in claim 62, wherein the transmit impedance is 
matched for a firs frequency and the receive impedance is matched for a second frequency. 

64. (New) The portable radio terminal as claimed in claim 58, wherein the impedance 
matching system applies an optimal and distinct impedance based on each of the states 
including: 

the case is iW the folded position, and antenna is retracted, and the portable radio 
telephone is receiving; 

the case is in the folded position, and antenna is retracted, and the portable radio 
telephone is transmitting; 

the case is inlthe folded position, and antenna is extracted, and the portable radio 
telephone is receiving; 
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the case is in the folded position, and antenna is extracted, and the portable radio 
telephone is transmitting; 

the case is in the open position, and antenna is retracted, and the portable radio 
telephone is receiving; 

the caselis in the open position, and antenna is retracted, and the portable radio 
telephone is transmitting; 

the case L in the open position, and antenna is extracted, and the portable radio 
elephone is receiving; and 

the case islin the open position, and antenna is extracted, and the portable radio 
telephone is transmitting. 



65. (New) (The device as claimed in claim 64, wherein the transmit impedance is 
matched for a first frequency and the receive impedance is matched for a second frequency. 

66. (New) The device as claimed in claim 32, further comprising: 

an antenna movable between a retracted position and an extended position; and 

a sensor for sensing whether said whether said antenna is in the retracted position or 

the extended positionl and for producing at least one sensing signal indicating whether the 

antenna is in the retradted position or the extended position. 



67. (New) The aevice as claimed in claim 66, wherein the impedance matching 
system provides an optical and distinct voltage to the varactor for each of the states 
including: 

the antenna is retrkcted and the portable radio terminal is in receive mode; 
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